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1 Riparian Area Management Plan
1.1

Purpose of Riparian Area Management Plan

The area along the edge of a stream, lake, or wetland is referred to as a riparian area or buffer. These areas
provide important ecological functions (or services) that help protect water quality and watershed health.
Examples of ecological services include streambank protection, absorption of stormwater flow, and improved
biodiversity for native plants and animals. Maintenance practices that occur in these areas can affect our local
stream health and water quality in both positive and negative ways. The purpose of the Riparian Area
Management Plan (RAMP) is to identify, describe, and encourage maintenance practices that protect or enhance
these areas to improve water quality and watershed health. The RAMP focuses on property that is either owned by
the city or maintained by the city, such as utility easements, greenways, parks, trails, and facilities. The
recommendations contained in the RAMP are intended for City maintenance staff who routinely operate in or
maintain areas. The recommendations, however, may be useful to other, non-city groups who own or maintain
land along streams or other riparian areas.

1.2

Riparian Area Management Plan Background

A RAMP has been included in each watershed improvement plan completed by the Public Works Department.
Watershed plans have been completed for six of the major watersheds that are within the jurisdictional limits of
the City of Durham, including Ellerbe Creek (City of Durham, 2010), Third Fork Creek (City of Durham, 2012),
Northeast Creek (City of Durham, 2013a), Crooked Creek/Southwest Creek (City of Durham, 2013a), Little Lick
Creek (City of Durham, 2016), the Eno River (City of Durham, 2018a), and New Hope Creek/Little Creek (in
progress). The first Riparian Area Management Plan (RAMP) was completed in 2009 as part of the Ellerbe Creek
Watershed Improvement Plan and subsequent watershed plans have included an evaluation of the document. This
cycle of evaluating the RAMP as part of each watershed plan provides an opportunity to update the
recommendations based on the latest science, input from field crews, and to ensure that the document remains
relevant to the city’s evolving goals.
The original RAMP was a comprehensive guidance document that targeted city-staff across departments and
included recommendations that ranged from maintenance-level actions to higher-level planning and design
guidance. The document has served as a benchmark for subsequent RAMP updates, which have expanded
recommendations into other watersheds and developed guidance for specific workgroups within the city.
Revisions have ranged from general content updates to evaluations of pilot-level efforts to implement RAMP
recommendations. For instance, as part of the Northeast Creek & Crooked Creek WIP, the Public Works
Department coordinated with the Parks and Recreation Department to develop outreach material that focused on
mowing practices along riparian buffers in City-parks. As part of the Little Lick Creek WIP and continuing under
the Eno River WIP, the Public Works Department coordinated with the Water Management Department to
develop a pilot study for installing ‘No Mow’ signage in sanitary sewer easements along streams. Sanitary sewer
easements were examined for opportunities where the utility mowing width could be reduced along the streamside of the easement. Initial work to identify easements where this approach would be feasible involved GIS spatial
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analysis followed by field visits of potential locations by staff from Water Management and Public Works. These
departments worked together to develop standards for signage and a sign installation methodology. Outreach
material was created and an monitoring plan was developed and implemented. The No Mow pilot study work also
included a summary of the pilot study methodology, recommendations based on installation efforts, and an
evaluation of the potential for these areas to provide state-approved nutrient reduction credit. Under the current
watershed plan for New Hope Creek & Little Creek, the RAMP has been updated to integrate new city strategic
policy guidance and includes recommendations in the form of ‘tool kits’. Additional detail on the latest update of
the RAMP is provided in section 1.4 below.

1.3

Evolving Goals

The City of Durham strives to be a diverse, welcoming, and innovative community. As such, the organization
continually re-examines underlying goals, priorities, and policies that drive the decision-making process. This has
led to development of new or updated guidance documents, such as the Strategic Plan and the Sustainability
Roadmap, that serve as a framework to guide City actions.
Several of the documents have specific environmental recommendations which can be incorporated into this
RAMP update. Within the Strategic Plan (City of Durham, 2018c) ( https://durhamnc.gov/183), the objective of
maintaining a Sustainable, Natural, and Built Environment encourages investing in sustainable infrastructure,
improving mobility networks, and creating a more sustainable city. Similarly, the Sustainability Roadmap (City of
Durham, 2018d) (https://durhamnc.gov/3852) originated from, and is intended to compliment, this goal. The
Sustainability Roadmap’s Natural Systems focus area articulates that the city should conduct business in an
environmentally sustainable and socially equitable manner and is the focus area that most closely aligns with the
intent of the RAMP.
Guidance from other departmental planning documents has also been integrated into this RAMP update. These
documents include the Urban Forestry Master Plan (City of Durham, 2018e) ( https://durhamnc.gov/799), the
City/County Comprehensive Plan (Engage Durham, n.d.) (https://engagedurham.com/comprehensive-plan/), and
the Equitable Community Engagement Blueprint (City of Durham, 2018b)

(https://www.durhamcommunityengagement.org/equitable_engagement).
Combined, these planning documents form the basis of a city-wide goal to work towards environmental equity by
realizing an increase in the square footage of public land with habitat suitable for pollinators and by developing
and implementing green stormwater infrastructure practices to increase biodiversity and improve water quality.

1.4

RAMP Update

This RAMP update supports the City’s effort to meet environmental equity and sustainability objectives such as
those described in the Strategic Plan, Sustainability Roadmap, and in other departmental planning documents.
The RAMP specifically is referenced in the Natural Systems goal of the Sustainability Roadmap as a means to
improve water quality and maximize biodiversity. The Sustainability Roadmap calls for an increase of pollinator
habitat by 1,000 square feet per year. This RAMP update includes specifications for several seed mixes that will
support native pollinator species across a variety of landscape types commonly found in riparian areas.
Maintenance recommendations in the updated RAMP were developed to help achieve specific goals such as
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improved water quality, increased pollinator habitat, and maximized biodiversity. Collectively, these
recommendations support the Strategic Plan initiative of providing a Sustainable, Natural, and Built Environment.
The RAMP recommendations were developed to support the efforts of other departments such as General
Services - Urban Forestry and Department of Parks and Recreation by providing alternative methods that apply
current ecological restoration techniques into practical maintenance recommendations for city staff. For example,
city staff may use the native seed mixes to provide pollinator-friendly vegetation in areas where turf grass is
difficult or costly to grow, such as low-lying, wet areas or dry, upland areas without irrigation. Also included is a
native seed mix alternative for temporary erosion control seed mixes for use in construction or landscape projects.
Temporary erosion control seed mixes typically rely on invasive grasses that do not support native pollinators.
Guidance is provided for using live staking, which is a low-cost alternative tree planting technique for stream
banks and wetlands.
The RAMP practices described in this memo are generally oriented towards improving water quality by increasing
the quality of vegetation in riparian areas to filter stormwater runoff before it enters streams and stabilizing
stream channels to reduce erosion and sedimentation in water bodies. As a whole, the recommendations and
practices in the RAMP support improved quality of service in traditionally-challenging ‘natural areas’ while helping
the city meet biodiversity, sustainability, and water quality improvement goals.
In addition to the update recommendations and associated material, this update includes a summary of results of
the No Mow pilot study areas, identification of potential new areas to implement No Mow practices based on
lessons learned from previous efforts.
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2 Riparian Area Management Plan
Recommendations
2.1

Recommendations and Guidance Material

This section of the plan describes the updated RAMP recommendations and associated guidance that were
developed as part of the New Hope Creek and Little Creek Watershed Improvement Plan. RAMP practice
recommendations are organized into Informational Fact Sheets and practice-specific tool kits. These practices are
intended to reduce costs and time requirements of maintenance activities while helping to meet the City’s water
quality and ecological sustainability goals.
Informational fact sheets are intended to educate staff, and the public, about the importance of riparian buffers
and the practices being used to protect or enhance these areas. Often, lack of awareness of riparian buffers, or
even the presence of a stream, may lead to uncertainty about the proper maintenance for these areas.
Informational fact sheets are organized to reflect information specific to three of the RAMP practices commonly
used by the city for areas along, or nearby, streams (Appendix A):
i.

No Mow Areas
a.

This fact sheet explains the benefits of No Mow areas, which are typically located along utility
easements. It provides graphic and written descriptions of how No Mow areas will change over
time as they mature through the different successional stages of plant community development.

ii.

Riparian Area Enhancement Activities
a.

This fact sheet describes the functions of riparian buffers and includes general information on
management methods commonly used in these areas. This fact sheet may be used to inform city
staff, and the general public, about the importance of these areas for environmental sustainability
(e.g. pollinator habitat, water quality protection) and why they are maintained as ‘natural areas’.

iii.

Wetland Enhancement
a.

This fact sheet provides information on wetland plant communities and their benefits and
explains how this approach may be used to improve low-lying, poorly draining wet areas that
many would overlook or even consider a maintenance problem.

Four RAMP tool kits were developed as part of this update in an effort to provide technical guidance for
maintenance and management of city property located along, or nearby, streams. Each tool kit is a collection of
technical fact sheets with information about materials and methods that may be used to maintain areas near, or
along, a stream. The tool kits are grouped in a manner intended to support operations staff by providing practical
maintenance recommendations derived from current, best practices in ecological restoration. Information from
the tool kits may be used in conjunction with current management practices to improve environmentalsustainability, or to support alternative maintenance practices for traditionally-challenging ‘natural areas’, such as
stream banks.
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RAMP Tool Kits:
i.

ii.

iii.

iv.

Seed Mix Tool Kit (Appendix B):
a.

Riparian Buffer Seed Mix

b.

Upland Seed Mix

c.

Wetland Seed Mix

d.

Temporary Erosion Control Seed Mix

e.

Seed Establishment Guide

Tree, Shrub, and Herbaceous Plug Tool Kit (Appendix C):
a.

Native Riparian Tree and Shrub Plant List

b.

Native Herbaceous Plug List

Planting Strategies for Riparian Areas (Appendix D):
a.

Live Staking Guide

b.

Vegetation Island Planning and Establishment

c.

Soft Margin Establishment

d.

Plant Establishment Guide

Invasive Vegetation Management Tool Kit (Appendix E):
a.

Invasive Plant List and Descriptions
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3 No Mow Pilot Study Update
3.1

No Mow Pilot Study Summary

The No Mow Pilot Study was an RAMP initiative that originated from watershed planning efforts in the Little Lick
Creek watershed. While conducting surveys along utility sewer easements, field crews observed that areas along
some stream banks were being mowed close to the top-of-bank. In some circumstances, this practice can
exacerbate bank erosion as riparian vegetation provides stability for stream banks. Additionally, the weight of the
machinery can create ruts or lead to further areas of instability along the stream bank. Maintenance, including
mowing and tree removal, is a requirement for certain utilities, in particular as sewer and water easements. Crews
observed, however, that in some sections along streams there appeared to be room to move the mowing line
away from the top of the stream bank without adversely affecting utility maintenance requirements.
The Public Works Department worked with the Department of Water Management to development a No Mow
Pilot Study Implementation Plan. In this plan, utility easements along streams were identified as potential areas to
pilot the concept, signage with “No Mow” symbology was produced, and a sign installation protocol was
developed. In October 2017, No Mow signs were installed at three pilot study sites along 3,363 linear feet of
stream.
Monitoring was conducted on the pilot sites in June 2020 and included locating, observing, and photographing
vegetation conditions including the type, age, and stem density of hardwood vegetation along the tree-line; the
height and flowering stage of herbaceous and grassy vegetation; and physical attributes such as tire tracks in the
easement and sign condition. The distance between original mowing lines and mowing lines after implementation
of the No Mow program were measured and documented at each No Mow sign and, in some cases, at intervals
between signs in situations where there were longer distances between signs. The surface area of increased buffer
for each pilot area was determined by measuring the change in buffer width along the continuous length of each
No Mow section. The results of the measurements indicated an average increase in width of buffers of 4.9 feet
with most buffer areas increasing from five to ten feet in width. The total increased buffer area of the three pilot
study sites was 16,567 sq. ft.
For the current effort on the New Hope Creek and Little Creek WIP, data was collected on the width of the three
now mow buffer zones to provide an understanding of the program’s continuing success. In addition, four clusters
of potential new no mow sites were identified. This new information is discussed below in Section 2.2.

3.2

No Mow Pilot Study Update

In June 2020, the three No Mow pilot sites were monitored by staff from Wildlands and Public Works. A handheld
GPS was used to locate the current edge of the No Mow areas on each site. This allowed for the quantification of
the vegetated buffer width at each of the No Mow pilot areas. The results of these measurements are included in
Table 2-1. These results indicate that the three pilot sites have resulted in a total buffer area of 69,430 ft2 (1.6 ac).
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Table 3-1. Total buffer area of Now Mow Pilot Sites
Now
Mow Site
ID

Site Name

Total Buffer Area
2020 (ft2)

Total Buffer Area
2020 (ac)

Width
Range (ft)

1

Little Lick Creek SS Outfall

33,423

0.767

16-58

14

Kirby Street SS Outfall

22,456

0.516

8-24

29

Hoover Road Outfall

13,551

0.311

1-38

3.2.1 Potential No Mow Site Recommendations
Wildlands performed a desktop GIS analysis to identify potential new No Mow sites. Through collaboration with
Stormwater and GIS Services staff, these sites were grouped into four new corridors of potential sites (Figure 2-1).
Each of the corridor locations was chosen to maximize water quality benefits and they are described below.
Northgate and Rock Quarry Park No Mow Corridor
This area connects Northgate and Rock Quarry parks along the Ellerbe Creek Trail extending from Stadium Drive
south to Club Boulevard to the east of Duke Street and is adjacent to South Ellerbe Creek, which is on the State’s
303(d) list for impaired biological integrity. The creek drains to Falls Lake which is classified as nutrient sensitive
waters (NSW). Multiple sewer lines run near the creek providing wide opportunity for expanding buffers using no
mow areas.
North New Hope Creek No Mow Corridor
This area is located in the upper New Hope Creek watershed between I-85 to the north, NC-147 to the east, and
NC-751 to the south and includes many sewer lines adjacent to creeks. The large amount of sewer lines next to
creeks in this area with expanding residential development creates myriad opportunities to implement no mow
areas. The New Hope Creek arm of Jordan Lake has a TMDL for chlorophyll-a related to excess nutrients.
Lick Creek No Mow Corridor
This potential no mow corridor lies in an area with expanding residential development along Lick Creek which
flows directly into Falls Lake which is classified as NSW. The area is located south of NC-98, east of Sherron Road,
and west of Olive Branch Road. Implementing no mow areas along sewer easements adjacent to creeks in this
area would generate riparian buffer in area with a growing potential for stream pollutants due to the residential
development.
American Tobacco-Third Fork Creek No Mow Corridor
This broad area lies at the intersection of the American Tobacco Trail and Third Fork Creek to the north of
Cornelius Road, east of South Roxboro Street, and west of NC-55. Third Fork Creek has a TMDL for total
suspended solids (TSS). Multiple public parks, including Campus Hills Park, are in this area. Many opportunities to
expand no mow areas exist in this corridor along sewer line easements and the margins of parks and greenways.
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Appendix A:
Riparian Area Management Plan
Informational Fact Sheets
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NO MOW AREAS

GIVING NATURE A HAND
WITH NO MOW ZONES

ECOLOGICAL BENEFITS
»
»
»

Creates vital wildlife habitat

»

EDUCATIONAL BENEFITS
»

Provides public with opportunity to observe
stages of native plant community establishment
(succession)

Provides source of woody debris in streams
for improved aquatic habitat

»

Creates a unique opportunity for the public to
explore various native plant communities

Helps establish diverse native plant
communities

»

Can model this approach of riparian buffer
expansion for property owners to use

Helps form green corridors across the City

WATER QUALITY BENEFITS

COST-SAVINGS BENEFITS

»

Intercepts surface flows, increasing infiltration
and reducing peak flows

»

Eliminates mowing, thereby reducing labor,
equipment, chemical, and fuel costs

»
»

Filters water before entering streams

»

Helps improve the City’s water quality, carbon
footprint reduction, and tree canopy goals
Improves drinking water for Triangle residents

»

Reduces or eliminates chemical inputs often
common in turf areas

»
»

»

Vegetation shades streams which reduces water
temperatures and increases dissolved oxygen

Strengthens streambanks and floodplains
- reducing erosion and sediment inputs to
streams

Reduces costs of repairing floodplain and
streambank erosion

TIMELINE OF NO MOW AREAS

YEARS:

1

2-3

Tall
grass,
some
flowers.

3-5

Tall grass,
flowers
including
goldenrod,
jewelweed,
and
American
senna.
Some
blackberry
begins to
establish
along with
a few small
seedlings.

5-15

Grass
becomes
less
dominant
giving way
to more
flowers,
blackberry,
and tree
seedlings.
Some tree
saplings
begin to
appear.

Tightly spaced
trees begin to
dominate with
some remaining
blackberry,
grass, and
flowers. Trees
will mostly be
early successional
hardwoods
including
sweetgum, tulip
poplar, and
sycamore.

15-30

Trees form
canopy shading
out much of the
grass, flowers,
and blackberry.
Later successional
species such as
oaks and beech
begin to establish
in understory
along with some
shrubs. Forest
remains tightly
packed.

30-75

Early successional
trees begin to
thin out with
some remaining
in canopy. Forest
canopy is more
diverse as climax
species such as
oaks reach canopy
height. A midstory
and shrub layer
develops with holly,
dogwood, and
strawberry bush.

MORE INFORMATION
For more information, please contact City of Durham Stormwater Services: (919) 560-4326

75+

Well formed
forest
structure,
including
diverse
canopy with
formed
midstory and
shrub layers.
A slight herb
layer of some
grasses and
flowers is
also present.

RIPARIAN AREA ENHANCEMENT

SURFACE FLOW IS
INTERCEPTED BY BUFFER

SURFACE FLOW IS UNIMPEDED

Increased infiltration; Subsurface flow and groundwater is filtered and reaches stream slower

Reaches streams faster and is not
filtered by buffer

WHAT IS A RIPARIAN BUFFER?
RIPARIAN BUFFERS ARE CORRIDORS OF TREES AND SHRUBS
OR UNMOWED AREAS ALONG BODIES OF WATER INCLUDING
STREAMS, DITCHES, PONDS, AND WETLANDS.
These buffers, typically consisting of native species including sycamore (Platanus
occidentalis), river birch (Betula nigra), and willow oak (Quercus phellos), are
increasingly uncommon in urban and recreational areas yet are vital to improving
water quality and habitat. Expanding riparian buffers on City-owned and managed
land where possible and without infringing on existing uses can benefit water quality
and watershed health.

INTERACTIONS BETWEEN RIPARIAN
AREAS AND STREAMS
Riparian buffers provide many beneficial roles, known as ecosystem services, to
improve water quality in our region. The vegetation in established riparian buffers
intercepts surface flow from rain promoting enhanced infiltration into subsurface
flow and groundwater. This infiltration, or percolation into the ground, allows
the water to more slowly reach bodies of water allowing for flood mitigation and
nutrients and other pollutants to be filtered out. The vegetation also uptakes water
reducing high stream flows and provides habitat for both terrestrial and aquatic
wildlife. Additionally, the vegetation strengthens the floodplain which decreases
streambank erosion.

BENEFITS OF
RIPARIAN BUFFER
ENHANCEMENT

»
»

Increased infiltration

»

Decreased peak flows
during storm events

»
»
»

Decreased erosion

»

Each tree reduces runoff
by 59 gallons a year

Increased water
filtration

Increases wildlife habitat
Increased shade on
streams

RIPARIAN AREA ENHANCEMENT ACTIVITIES
BUFFER RESTORATION
WOODY BUFFER PLANTING
Large scale planting of native trees & shrubs is the most straightforward way to actively
expand your riparian buffer. This approach quickly establishes a complete riparian
buffer but also requires many resources and doesn’t meet constraints of all sites.

SOFT MARGIN EXPANSION
This approach foregoes planting woody vegetation and aims to expand buffers of
native grasses and pollinator friendly flowers. These ‘soft margins’ can be established
along areas like greenways where additional woody vegetation is not desired.

POLLINATOR HABITAT EXPANSION
Pollinators provide vital ecosystem services yet are decreasing in abundance due
to human caused factors. Expanding pollinator habitat in riparian areas is a great
way to benefit essential pollinator species while also promoting many of the City of
Durham’s water quality goals. Pollinator habitat can replace turf areas and requires less
maintenance while providing an attractive landscape feature. These areas would only
need to be mowed each October.

VEGETATION ISLAND ESTABLISHMENT
The continuous buffers established by large scale tree & shrub planting are often
incompatible with other uses. One method to expand riparian buffers while preserving
open space for other purposes is to create series of smaller ‘vegetation islands’ that
would still provide water quality benefits. Each island would be multi-tiered and set
around one to two canopy trees. Multiple layers of smaller trees, shrubs, taller grass
and flowers, groundcover, and vines would surround the larger tree(s) to maximize
aesthetics and niche space for wildlife. Species would be intentionally selected to
promote wildlife and aesthetic values.

INVASIVE PLANT MANAGEMENT
Invasive plant species pose a serious threat to native riparian plant communities.
Furthermore, some invasive plants, such as autumn olive (Eleagnus umbellata),
fix atmospheric nitrogen and release it into the soil where it readily leaches into
waterbodies. Many invasive plant populations can be found in the City’s riparian
buffers. Invasive plant populations can often be successfully controlled using a variety
of mechanical & chemical techniques. Large advances in native plant community
success can typically be made in one to two years of invasive plant control efforts.

MORE INFORMATION
For more information, please contact City of Durham Stormwater Services: (919) 560-4326

WETLAND ENHANCEMENT

AFTER

ESTABLISHING WETLAND PLANT
COMMUNITIES IN POORLY
DRAINED AREAS
BEFORE
Many City owned and managed properties host poorly drained areas currently managed as difficult to
maintain turf that could be restored into functional wetland areas. This would involve planting a variety of
both woody and herbaceous native plants that thrive in wetlands to create a unique and attractive feature.
This would not only benefit the City by reducing resource demands on a difficult to maintain area, but also
promote water quality and wildlife habitat goals. These newly enhanced wetland areas may be marked
with signage to explain their purpose in the landscape.

ECOSYSTEM
SERVICES
» WATER FILTRATION
Acting as nature’s kidneys,
wetlands support microbial
populations that capture and
cleanse nutrient pollution.

» FLOOD STORAGE
Reduces downstream flooding
by temporarily storing and
slowly releasing stormwater.

» SEDIMENT CAPTURE
Slow-moving water and dense
vegetation filter out sediment
that could harm downstream
ecosystems.

ECOLOGICAL
BENEFITS
» WILDLIFE HABITAT
These areas are key to
life cycles of many native
amphibians including
salamanders and frogs.

» PLANT DIVERSITY
Wetland enhancement
provides a specialized home
for many unique plant
species that can’t survive
anywhere else.

» WATER QUALITY FOR
SENSITIVE WILDLIFE

The improved water quality
in downstream areas provides
better habitat for amphibians,
which easily absorb pollutants
and other aquatic species.

MORE INFORMATION
For more information, please contact City of Durham
Stormwater Services: (919) 560-4326

RECLAIMING
UNDERUTILIZED SPACES
» REDUCED

MAINTENANCE
Reduces mowing and chemical
inputs in public spaces near streams.

» MOSQUITO CONTROL
Providing habitat for amphibians
and beneficial insects helps control
mosquitoes and other nuisance
insects in wet areas.

» PROVIDE INTERESTING
EDUCATIONAL
OPPORTUNITY FOR
PUBLIC

Wetland enhancement areas
create great learning laboratories
for citizens to learn about the
complexities and benefits of these
ecosystems.

» AESTHETIC VALUES
Many unique and colorful species
call our wetlands home, providing
a unique landscape feature and
pollinator habitat.

Appendix B:
Seed Mix Tool Kit
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SEED MIXES: RIPARIAN BUFFER MIX
RIPARIAN BUFFER MIX
This seed mix is designed for riparian buffer areas where native cover is desired. The mix includes easy to establish
species, flowers with high pollinator values, and grasses with high wildlife values that may take one to two years to
appear. Site conditions should include moist (mesic) soils that are not inundated for large periods of time. Light
conditions can range from full sun to partial shade.
Riparian Buffer Seed Mix
Pure Live Seed (20 lbs./acre)
Common Name

Plant Type

Percent
Of Mix

Pounds
Per Acre

Wetland
Indicator
Status*

Deertongue

Grass

15%

3

FAC

Little Bluestem

Grass

10%

2

FACU

Virginia Wildrye

Grass

15%

3

FACW

Eastern Gammagrass

Grass

10%

2

FACW

Switchgrass

Grass

5%

1

FAC

Tridens flavus

Purpletop

Grass

10%

2

FACU

Bidens aristosa

Bur-Marigold

Flower

5%

1

FACW

Rudbeckia hirta

Blackeyed Susan

Flower

5%

1

FACU

Lanceleaf Coreopsis

Flower

5%

1

FACU

Perennial with showy yellow flower

Swamp Sunflower

Flower

3%

0.6

FACW

Large perennial with showy yellow flower in
fall. Grows well in wet areas

Partridge Pea

Flower

5%

1

FACU

Easy to establish flower with high wildlife
value.

Yarrow

Flower

4%

0.8

FACU

Oxeye sunflower

Flower

3%

0.6

FACU

Eutrochium
fistulosum

Joe Pye Weed

Flower

1%

0.2

FACW

Senna hebecarpa

Wild Senna

Flower

4%

0.8

FAC

Botanical Name
Dichanthelium
clandestinum
Schizachyrium
scoparium
Elymus virginicus
Tripsacum
dactyloides
Panicum
virgatum

Coreopsis
lanceolata
Helianthus
angustifolius
Chamaecrista
fasciculata var.
fasciculata
Achillea
millefolium
Heliopsis
helianthoides

Notes
Easy to establish. Warm season.
Highly adaptable and establishes well.
Warm season
Medium sized bunchgrass. Establishes well.
Cool season
Large bunchgrass with very high wildlife
value. Warm season
Large bunchgrass with spreading seed head.
Warm season
Showy purple seed head in fall. High wildlife
value. Warm season
Showy annual flower. Does well in wet
areas. Blooms in fall. Reseeds well.
Showy annual flower. Establishes and
reseeds well.

Easy to establish perennial with white
flower.
Showy yellow flower with long bloom
period. Perennial
Large showy flower with high pollinator
value. Seed is expensive; can remove if cost
is prohibitive
Perennial legume with multiple yellow
flowers. Easy to establish

Note- Any species that is removed from the seed mix should be replaced with a similar species. Replacement species can come from new species
or those already on the list.
* Wetland Indicator Status Definitions:
−
OBL- Obligate wetland; Almost always occur in wetlands under natural conditions. Reserve these species for wetlands and very wet
areas.
−
FACW- Facultative wetland; Often occur in wetlands but are also found in non-wetlands. These species are appropriate for wetland and
bottomland areas.
−
FAC- Facultative; Equally likely to occur in wetlands and non-wetlands. These species are appropriate for areas with a range of soil
moisture regimes.
−
FACU- Facultative Upland; Usually occur in non-wetlands but are occasionally found in wetlands. These species can successfully
establish in bottomland and upland areas.
−
UPL- Upland; Almost exclusively occur in non-wetlands. These species should be reserved for well drained bottomlands and upland
areas.

Seed Mix TOOL KIT
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SEED MIXES: UPLAND MIX
UPLAND MIX
This seed mix is designed for drier slopes and upland areas. The mix includes multiple easily established species along with
species with high pollinator and wildlife values. Preferred site conditions for this mix are well drained slopes and xeric (dry)
areas. It will establish in full sun to partial shade.
Upland Seed Mix
Pure Live Seed (20 lbs./acre)
Botanical Name
Sorghastrum
nutans
Dichanthelium
clandestinum
Schizachyrium
scoparium
Elymus virginicus

Common
Name

Plant
Type

Percent
Of Mix

Pounds
Per Acre

Wetland Indicator
Status*

Notes

Indiangrass

Grass

10%

2

FACU

Showy large plume and golden color. Warm
season

Deertongue

Grass

13%

2.6

FACU

Easy to establish. Warm season.

Grass

10%

2

FACU

Grass

15%

3

FACW

Little
Bluestem
Virginia
Wildrye

Panicum virgatum

Switchgrass

Grass

5%

1

FAC

Tridens flavus

Purpletop

Grass

10%

2

FACU

Flower

5%

1

FACU

Flower

5%

1

FACU

Coreopsis
lanceolata

Blackeyed
Susan
Lanceleaf
Coreopsis

Asclepias syriaca

Milkweed

Flower

3%

0.6

FACU

Echinacea
purpurea
Chamaecrista
fasciculata var.
fasciculata
Achillea
millefolium
Heliopsis
helianthoides

Purple
Coneflower

Flower

5%

1

NI

Partridge
Pea

Flower

5%

1

FACU

Yarrow

Flower

4%

0.8

FACU

Oxeye
sunflower

Flower

3%

0.6

FACU

Monarda
fistulosum

Wild
Bergamot

Flower

3%

0.6

UPL

Senna hebecarpa

Wild Senna

Flower

4%

0.8

FAC

Rudbeckia hirta

Highly adaptable and establishes well.
Warm season
Medium sized bunchgrass. Establishes well.
Cool season
Large bunchgrass with spreading seed
head. Warm season
Showy purple seed head in fall. High
wildlife value. Warm season
Showy annual flower. Establishes and
reseeds well.
Perennial with showy yellow flower
Excellent pollinator value. Host plant for
monarchs. Seed is expensive; remove if
cost is prohibitive
Showy purple flower with high pollinator
value
Easy to establish flower with high wildlife
value.
Easy to establish perennial with white
flower.
Showy yellow flower with long bloom
period. Perennial
Very showy red flower with high pollinator
value. Seed is moderately expensive;
remove if cost is prohibitive
Perennial legume with multiple yellow
flowers. Easy to establish

Note- Any species that is removed from the seed mix should be replaced with a similar species. Replacement species can come from new species
or those already on the list.
* Wetland Indicator Status Definitions:
−
−
−
−
−
−

OBL- Obligate wetland; Almost always occur in wetlands under natural conditions. Reserve these species for wetlands and very wet areas.
FACW- Facultative wetland; Often occur in wetlands but are also found in non-wetlands. These species are appropriate for wetland and
bottomland areas.
FAC- Facultative; Equally likely to occur in wetlands and non-wetlands. These species are appropriate for areas with a range of soil moisture
regimes.
FACU- Facultative Upland; Usually occur in non-wetlands but are occasionally found in wetlands. These species can successfully establish in
bottomland and upland areas.
UPL- Upland; Almost exclusively occur in non-wetlands. These species should be reserved for well drained bottomlands and upland areas.
NI- Not Indicated; Does not occur in wetlands in any area. These plants should be reserved for upland areas.

Seed Mix TOOL KIT
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SEED MIXES: WETLAND MIX
WETLAND MIX
This mix is designed for wetlands and vernal pools that hold standing water or have persistent soil saturation for long
periods of time. It includes a variety of specialized wetland grasses, flowers, sedges, and a rush. Many of these species will
establish readily but some may take 1-2 years to appear. This seed mix should be able to establish in full sun to partial
shade.
Wetland Seed Mix
Pure Live Seed (20 lbs./acre)
Percent
Pounds
Wetland
Of Mix
Per Acre Indicator Status

Botanical Name

Common Name

Plant
Type

Coeleataenia
rigidulum

Redtop Panicgrass

Grass

8%

1.6

FACW

Attractive red foliage and seed heads.
Warm season

Coeleataenia anceps

Beaked Panicgrass

Grass

10%

2

FACW

Establishes well in wet areas. Warm season

Panicum
dichotimiflorum

Smooth Panicgrass

Grass

10%

2

FACW

Tripsacum dactyloides

Eastern Gamagrass

Grass

10%

2

FACW

Elymus virginicus

Virginia Wildrye

Grass

10%

2

FACW

Panicum virgatum

Switchgrass

Grass

5%

1

FAC

Juncus effusus

Soft Rush

Rush

3%

0.6

FACW

Carex lurida

Lurid Sedge

Sedge

3%

0.6

OBL

Carex vulpinoidea

Fox Sedge

Sedge

10%

2

OBL

Carex lupulina

Hop Sedge

Sedge

2%

0.4

OBL

Carex scoparia

Blunt Broom
Sedge

Sedge

2%

0.4

FACW

Carex frankii

Frank's Sedge

Sedge

5%

1

OBL

Verbena hastata

Blue Vervain

Flower

5%

1

FACW

Bidens aristosa

Bur-Marigold

Flower

5%

1

FACW

Showy annual flower. Does well in wet
areas. Blooms in fall. Reseeds well.

Helianthus
angustifolius

Swamp Sunflower

Flower

5%

1

FACW

Large perennial with showy yellow flower in
fall. Grows well in wet areas

Hibiscus moschuetos

Crimsoneyed
Rosemallow

Flowering
Shrub

2%

0.4

OBL

A medium sized shrub producing large
showy cream-colored hibiscus flowers with
crimson center.

Peltandra virginica

Arrow Arum

Flower

5%

1

OBL

A showy perennial with large green leaves.
Often emergent from shallow water.

Notes

Establishes well in wet areas. Showy seed
head. Warm season
Large bunchgrass with very high wildlife
value. Warm season
Medium sized bunchgrass. Establishes well.
Cool season
Large bunchgrass with spreading seed head.
Warm season
Common wetland rush species. Establishes
well
Large sedge with seed clusters.
Establishes well in wetlands. Has interesting
seed stalk
Large sedge with interesting seed clusters.
Similar to lurid sedge
A grass leaved sedge tolerant of partial
shade
Grows in mounded clumps with one-inch
long seed clumps.
Showy perennial with purple/blue flowers.
Can form colonies.

Note- Any species that is removed from the seed mix should be replaced with a similar species. Replacement species can come from new species
or those already on the list.
* Wetland Indicator Status Definitions:
−
OBL- Obligate wetland; Almost always occur in wetlands under natural conditions. Reserve these species for wetlands and very wet
areas.
−
FACW- Facultative wetland; Often occur in wetlands but are also found in non-wetlands. These species are appropriate for wetland and
bottomland areas.

−

FAC- Facultative; Equally likely to occur in wetlands and non-wetlands. These species are appropriate for areas with a range of soil
moisture regimes.

Seed Mix TOOL KIT
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SEED MIXES: TEMPORARY EROSION
CONTROL MIXES
TEMPORARY EROSION CONTROL MIXES
These seed mixes are meant to provide temporary groundcover while a permanent seed mix is establishing. The
small grains (rye, oats, and millet) will readily establish, and the clover will persist for a few years as the
permanent mix continues to establish. These mixes can be applied in wet or dry conditions in either sun or
shade. The approved dates are based on the growing seasons for the small grains.
Temporary Erosion Control- Cool Season
Pure Live Seed (145 lbs./acre)
Botanical Name

Common Name

Life Cycle

Percent Of Mix

Pounds Per Acre

Secale cereale

Rye Grain

Annual

75.9%

110

Avena sativa

Winter Oats

Annual

20.7%

30

Trifolium repens

Ladino Clover

Perennial

3.4%

5

*Approved dates: August 15 - May 1

Temporary Erosion Control- Warm Season
Pure Live Seed (55 lbs./acre)
Botanical Name

Common Name

Life Cycle

Percent Of Mix

Pounds Per Acre

Setaria italica

German Millet

Annual

91.0%

50

Trifolium repens

Ladino Clover

Perennial

9.0%

5

*Approved dates: May 1 - August 15

Any species that is removed from the seed mix should be replaced with a similar species. Replacement species can come from new
species or those already on the list

Seed Mix TOOL KIT
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SEED ESTABLISHMENT GUIDE
OVERVIEW
The process of establishing native grasses from seed is somewhat different compared to standard turfgrass. There are
several key elements that should be considered when using native grass and flower seed mixes to help ensure successful
establishment.

SEED ESTABLISHMENT GUIDE
•

•
•

•
•
•
•
•
•
•

Eradicate existing turfgrass before seeding. This is key to allow for proper seed to soil contact and to
release native species from competition from turfgrasses. This is especially important if tall fescue or
bermuda grass is present.
Seed can be broadcast by hand or using a mechanical spreader. Seed can also be drilled into the soil
using a seed drill equipped with a native seed box.
Seed to soil contact is key.
o Consider disking an area prior to seeding if broadcasting seed.
o Consider applying a light cover of compost or other organic matter before seeding to enhance
germination.
Use a temporary seed mix with the native seed mix to encourage groundcover while the native species
are germinating.
Spring or fall seeding is recommended. Do not seed during summer heat.
Straw mulch is helpful to keep seed from washing away and to retain moisture. It should be applied at a
rate of 4,000 lbs./acre.
Synthetic fertilizers such as 10-10-10 will often promote ‘weeds’ over the native species.
Limit any vehicular or pedestrian traffic while groundcover is establishing.
Plan for maintenance to remove any turfgrass or other weeds present.
Be patient. Some native species, particularly annuals such as blackeyed susan, will establish quickly
while some may take two years.

RESOURCES
•
•
•

Best Practices for Native Seed Establishment Page
NRCS Seed Establishment Resource
Native Seed Establishment Resource Including Information for Different Application Method

Seed Mix TOOL KIT
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Appendix C:
Tree, Shrub, & Herbaceous
Plug Tool Kit
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NATIVE RIPARIAN TREE AND
SHRUB PLANT LIST
This tree and shrub list provides City of Durham staff a wide array of appropriate native tree and shrub species
for planting projects across Durham. The comments and wetland indicator codes for each species will help guide
staff to select species suited to the conditions present at planting sites. This is not an exhaustive list and staff
may decide to use other species for some planting projects. Tree and shrub species can be planted as either bare
roots, tublings, container, or ball and burlap stock.
Common Name

Type

Successional
Period

Wetland
Indicator
Status*

Successful As
Live Stake?

Comments

Sycamore

Tree

Early

FACW

No

Fast growing. Does well in sunny areas

River Birch

Tree

Early

FACW

No

Persimmon

Tree

Early

FAC

No

Prunus serotina

Black Cherry

Tree

Early

FACU

No

Fast growing
Moderately fast growing. Female trees
produce large fruits
Moderately fast growing. Good wildlife
value

Populus
deltoides

Eastern
Cottonwood

Tree

Early

FAC

No

Fast growing

Botanical Name
Platanus
occidentalis
Betula nigra
Diospyros
virginiana

Salix nigra

Black Willow

Quercus
michauxii
Quercus phellos

Swamp
Chestnut Oak
Willow Oak
Northern Red
Oak
Southern Red
Oak

Tree

Early

OBL

Yes

Good for streambank stabilization. Fast
growing. Typically planted as live stake.
Not recommended for streams with
less than 8' top of bank width.

Tree

Late

FACW

No

Good oak in bottomland areas

Tree

Late

FACW

No

Tree

Late

FACW

No

Tree

Late

FACU

No

Quercus alba

White Oak

Tree

Late

FACU

No

Quercus lyrata
Quercus
shumardii

Overcup Oak

Tree

Late

OBL

No

Good oak in bottomland areas
Grows in bottomland areas to more
upland
Grows in bottomland areas to more
upland
Typically grows in upland areas but can
also grow in well drained floodplain
areas
Grows in wetlands and wet areas

Shumard Oak

Tree

Late

FAC

No

Good oak in bottomland areas

Sugarberry

Tree

Early

FACW

No

Hackberry

Tree

Early

FACU

No

American Elm

Tree

Early

FAC

No

Ulmus rubra

Slippery Elm

Tree

Early

FAC

No

Ulmus alata

Winged Elm

Tree

Early

FACU

No

Acer negundo

Boxelder

Tree

Early

FAC

No

Can grow in wetter bottomlands but is
typically found in floodplains
Can establish on poor soils in upland
areas
Fast growing

Acer rubrum

Red Maple

Tree

Early

FAC

No

Fast growing

Quercus rubra
Quercus falcata

Celtis laevigata
Celtis
occidentalis
Ulmus
americana

Tree, Shrub, and Herbaceous Plug TOOL KIT

Moderately fast growing. Grows in
floodplains
Moderately fast growing. Grows in
upland areas
Grows in wetlands and wet areas

TOOL KIT:

NATIVE RIPARIAN TREE AND
SHRUB PLANT LIST
Botanical Name

Common Name

Type

Successional
Period

Wetland
Indicator
Status*

Successful As
Live Stake?

Liriodendron
tulipifera

Tulip Tree

Tree

Early

FACU

No

Nyssa
sylcatica

Black Gum

Tree

Early

FAC

No

Fagus
grandifolia

American
Beech

Tree

Late

FACU

No

Oxydendrum
arboreum

Sourwood

Small
Tree

Early

UPL

No

Sassafras
albidum

Sassafras

Early

FACU

No

Asimina triloba

Pawpaw

Late

FAC

No

Cercis
canadensis

Eastern Redbud

Small
Tree

Late

UPL

No

Alnus serrulata

Tag Alder

Small
Tree

Early

FACW

Yes

Sambucus
canadensis

Elderberry

Small
Tree

Early

FAC

Yes

Cornus amomum

Silky Dogwood

Small
Tree

Early

FACW

Yes

Cornus florida

Flowering
Dogwood

Small
Tree

Late

FACU

No

Hamamelis
virginiana

Witch Hazel

Salix sericea

Silky Willow

Ilex opaca

American Holly

Ilex decidua

Small
Tree
Small
Tree

Small
Tree
Small
Tree
Small
Tree

Late

FACU

No

Early

OBL

Yes

Late

FAC

No

Possumhaw
Holly

Small
Tree

Late

FACW

No

Lindera benzoin

Spicebush

Shrub

Late

FACW

No

Cephalanthus
occidentalis

Buttonbush

Shrub

Early

OBL

Yes

Calycanthus
floridus

Sweetshrub

Shrub

Late

FACU

No

Tree, Shrub, and Herbaceous Plug TOOL KIT

Comments
Fast growing. Can be difficult to
establish, especially in floodplains and
wetter areas.
Moderate growth rate. Flowers and
fruit provide food for pollinators and
birds. Nice fall color.
Needs shade to establish
Good pollinator tree. Often grows in
upland areas but can grow in
floodplains.
Can grow in poor soils in a variety of
habitats
Grows great edible fruit. Typically
grows in floodplains
One of the earliest native trees to
flower in spring. Often used as
ornamental
Grows in wetlands to floodplains. Can
plant as live stake for streambank
stabilization.
Grows in wetlands to floodplains. Can
plant as live stake for streambank
stabilization. Showy white flowers.
Grows in wetlands to floodplains. Can
plant as live stake for streambank
stabilization. Showy white flowers.
Grows in shady areas. Showy white
flowers and valuable berries for
migrating birds.
Nice small tree. Yellow flowers in fall.
Wide range of suitable habitats.
Easy to establish from live stake and
good for streambank stabilization
Plant in shade. Attractive small tree.
Can be difficult to establish
Grows in bottomlands and floodplains.
Grows to 15-25'. Deciduous with bright
red berries.
Large shrub. High wildlife value to
birds. Grows in floodplains and
sometimes in wet areas.
Showy white flower. Grows in wet
areas. Good for streambank
stabilization when used as live stake.
Grows better in shade on rich
floodplain sites in our area.

NATIVE RIPARIAN TREE AND
SHRUB PLANT LIST
Botanical Name

Common Name

Type

Successional
Period

Wetland
Indicator
Status*

Successful As
Live Stake?

Rosa palustris

Swamp Rose

Shrub

Early

OBL

No

Viburnum
prunifolium
Viburnum
nudum
Viburnum
dentatum
Eubotrys
racemosus

Blackhaw
Viburnum
Possumhaw
Viburnum
Arrowwood
Viburnum
Swamp
Doghobble

Shrub

Late

FACU

No

Shrub

Late

FACW

No

Shrub

Late

FAC

Yes

Shrub

Late

FACW

No

Aronia
arbutifolia

Red Chokeberry

Shrub

Late

FACW

No

Aesculus
sylvatica

Painted
Buckeye

Shrub

Late

FAC

No

Comments
Wetland plant. Showy flower and
valuable fruit to wildlife.
Showy white flowers. Large shrub up
to 15' tall. Grows in floodplains.
Wetland species. Clusters of white
flowers.
Grows in bottomlands and wetlands.
Grows to 10'.
Grows in wetlands, often where there
is standing water. 6'. White flowers
Grows in wet bottomlands and
wetlands. Showy red fruit good for
wildlife.
Floodplain understories. Showy
yellow/white flower in spring

* Wetland Code Definitions:
−
−
−
−
−

OBL- Obligate wetland; Almost always occur in wetlands under natural conditions. Reserve these species for wetlands and very
wet areas.
FACW- Facultative wetland; Often occur in wetlands but are also found in non-wetlands. These species are appropriate for
wetland and bottomland areas.
FAC- Facultative; Equally likely to occur in wetlands and non-wetlands. These species are appropriate for areas with a range of
soil moisture regimes.
FACU- Facultative Upland; Usually occur in non-wetlands but are occasionally found in wetlands. These species can successfully
establish in bottomland and upland areas.
UPL- Upland; Almost exclusively occur in non-wetlands. These species should be reserved for well drained bottomlands and
upland areas.

POTENTIAL NURSERIES
•
•
•

Mellow Marsh Farm in Siler City, NC
NC Forest Service Tree Seedling Store in Goldsboro, NC
Bruton Natural Systems in Fremont, NC

RESOURCES
•
•
•

Step by step bare root tree planting instructions
Bare root tree planting video
Step by step container tree planting instructions

Tree, Shrub, and Herbaceous Plug TOOL KIT
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NATIVE HERBACEOUS PLUG LIST
Herbaceous plugs are typically used for wetland plants that require wet, saturated soil. Depending on the species,
plugs are planted underwater (below the waterline) or at the surface of the water (at the waterline). Species planted
above the waterline should be placed in an area that is prone to wet conditions, such as a wetland or streambank.
Botanical Name

Common Name

Juncus effusus
Juncus coriaceus
Carex lurida
Carex crinita
Carex scoparia
Carex lupulina
Carex stipata

Soft Rush
Leathery Rush
Lurid Sedge
Fringed Sedge
Broom Sedge
Hop Sedge
Awl Fruit Sedge
Upright Sedge;
Tussock Sedge
Fox Sedge

Carex stricta
Carex vulinoidea
Schoenoplectus
tabornaemontani
Scirpus cyperinus
Lobelia cardinalis
Asclepias
incarnata
Hibiscus
moschuetos
Helianthus
angustifolius
Chelone glabra

Plant
Type
Rush
Rush
Sedge
Sedge
Sedge
Sedge
Sedge

Water Depth

Comments

Waterline or above
Waterline or above
Waterline or above
Waterline or above
Waterline or above
Waterline or above
Waterline or above

Common. Establishes well
Common. Grows in slightly drier areas than soft rush.
Common. Establishes well
Showy seed head
Good for diversity in wetland and streambank plantings
Good for diversity in wetland and streambank plantings
Good for diversity in wetland and streambank plantings

Sedge

Waterline or above

Good for diversity in wetland and streambank plantings

Sedge

Good for diversity in wetland and streambank plantings

Softstem bulrush

Bulrush

Woolgrass
Cardinal Flower

Bulrush
Flower

Waterline or above
6" below to
waterline
Waterline or above
Waterline or above

Swamp Milkweed

Flower

Above Waterline

Crimsoneyed
Rosemallow

Flowering
Shrub

Waterline or above

Swamp Sunflower

Flower

Waterline or above

Showy yellow sunflower

White Turtlehead
Broad Leaf
Arrowhead

Flower

Waterline or above
6" below to
waterline

Unique white flower

Blue Mistflower

Flower

Above Waterline

Showy blue flower

Boneset

Flower

Above Waterline

Showy white flower head.

Big Blue Lobelia
Hollow Joe Pye
Weed
Purple Muhly Grass

Flower

Above Waterline

Showy blue flowers similar to cardinal flower

Flower

Above Waterline

Large showy bubblegum colored flower heads

Grass

Above Waterline

River Oats

Grass

Above Waterline

Virginia Wild Rye
Pickerelweed
Lizard Tail
Arrow Arum

Grass
Flower
Flower
Flower

Above Waterline
2-6" below waterline
0-6" below waterline
0-6" below waterline

Warm season bunchgrass. Showy airy pink seed heads
Cool season. Produces hanging 'oats' as seed heads.
Often a native landscaping plant
Cool season grass with distinctive seed heads.
Pale purple flowers. Broad leaves
Showy white flower spike
Large exotic looking perennial

Needle Spikerush

Spikerush

0-6" below waterline

Small grass like plant. Can form mats

Nelumbo lutea

American lotus

Flower

2-9" below waterline

Nuphar advena

Spatterdock

Flower

2-9" below waterline

Nymphaea
odorata

Fragrant Water Lily

Flower

2-9" below waterline

Sagittaria latifolia
Conoclinium
coelestinum
Eupatorium
perfoliatum
Lobelia siphilitica
Eutrochium
fistulosum
Muhlenbergia
Chasmanthium
latifolium
Elymus virginicus
Pontederia cordata
Saururus cernuus
Peltandra virginica
Eleocharis
acicularis
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Flower

Tally fleshy plants. Can form colonies
Tall plants. Reseeds well.
Showy red flower
Bubblegum colored flower. Vital plant for Monarch
butterflies
Woody shrub. Forms large white and rose-colored
hibiscus flowers.

Establishes well. Good for waterfowl.

Showy floating pale-yellow flower. Floating leaves
disappear in winter
Showy floating yellow flower. Large floating leaves
disappear in winter
Very showy fragrant white flowers. Floating leaves
disappear in winter. Can be difficult to establish.

TOOL KIT:

NATIVE HERBACEOUS PLUG LIST
REGIONAL NURSERIES
•
•
•

Carolina Wetland Plants Inc. in Edenton, NC
Hoffman Nursery in Rougemont, NC
Mellow Marsh Farm in Siler City, NC

RESOURCES
•
•
•

https://www.wetlandplantsinc.com/learn
o Numerous installation and care resources
Technical Resource- Harvesting, Propagating, and Planting Wetland Plants
Native Planting Installation Tips
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Appendix D:
Planting Strategies for
Riparian Areas Tool Kit
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LIVE STAKING GUIDE
OVERVIEW
Live staking is an easy cost-effective method to establish robust woody trees and shrubs along streambanks and
other wet areas. This planting method is also a simple solution and preventative measure for many stream
stability issues. Live staking involves taking a cutting of certain plant species and inserting it into the ground in an
area where the bottom (rooting) end will have access to the water table. This document discusses suitable
species, harvesting and purchasing options, and planting instructions.

SUITABLE SPECIES
Suitable species for live staking must be able to root from nodes located along each branch. Most of the suitable
species listed below can be acquired through regional nurseries and all species are likely able to be harvested
from existing plants on City of Durham owned land.
• Black Willow (Salix nigra)
o Fast-growing tree; can block stream flow if planted along small streams
• Silky Willow (Salix sericea)
o Fast growing small stream; often grows with many stems
• Coastal Plain Willow (Salix caroliniana)
o Small irregularly shaped tree
• Silky Dogwood (Cornus amomum)
o Moderately fast-growing small tree; white flowers
• Buttonbush (Cephalanthus occidentalis)
o Moderately fast-growing shrub; showy white flowers
• Elderberry (Sambucus canadensis)
o Large shrub; large showy white flowers
• Arrowwood Virburnum (Viburnum dentatum)
o Medium shrub; white flowers
North Carolina Sources for Live Stakes
• Mellow Mash Farm in Siler City, NC
• Bruton Natural Systems in Fremont, NC
• Foggy Mountain Nursery in Lansing, NC

HARVESTING & STORAGE INSTRUCTIONS
Live stakes can easily be harvested from established plants providing a free source of plant materials. All live
stake storage and planting should occur during the dormant winter season.
1. Cut 3/8” – 1” diameter branches from established plants. Cuts should be made at 45° angles to make
planting easier.
2. Remove smaller branches.
3. Cut branch into 18” – 24” sections. Each cut should be made at a 45+° angle. Each section will be an
individual live stake. Any sections with the base less than 3/8” in diameter should not be used as live
stakes.
4. Cut top ends of each live stake flat to distinguish between the top (flat) and bottom (angled)- live stakes
do not grow well when planted upside down.
5. Live stakes can be planted immediately or stored in buckets with at least 10” of water for up to two
weeks after harvest. Store in a cool dark area.
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Key Details and Additional Resources
• Must be done in dormant season while plants are not growing
• ½” – 1” diameter
• 18-24” length
• Live stakes can be stored for up to two weeks
• Harvesting Demonstration Video

PLANTING INSTRUCTIONS
Live stakes are easy to plant along streambanks, wetlands, and other wet areas. Live stake planting should be
conducted during the dormant winter season for best results.
1. Ensure that live stakes meet specifications outlined in the harvesting and storage instructions above.
The planting site should also allow for the base of each live stake to reach the water table.
2. Insert bottom end of live stake into the ground. The planted live stake must reach the water table for
success. Leave 3”-5” of the live stake above ground- leaving too much of the stake encourages
desiccation and limits its ability to reach a fluctuating water table. Using a probe to pilot a hole can be
helpful in harder ground.
3. A rubber mallet may be necessary to drive live stakes into the ground. Plan to trim damaged ends from
live stakes if needed.
4. Use your heel to press soil around planted live stake to reduce air pockets and promote proper soil
contact.
Key Details and Additional Resources
• Planting should occur during dormant season
• Plated live stakes should reach the water table for success
• 3”-5” of each live stake should remain above ground
• Probe for piloting holes
• Planting Demonstration Video
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VEGETATION ISLAND PLANNING
AND ESTABLISHMENT
OVERVIEW
The practice of establishing vegetation islands is meant for areas where City staff would like to balance
expanding riparian buffers with preserving open spaces for other uses. This strategy involves establishing series
of intentionally planned ‘islands’ of vegetation that provide wildlife with ‘stepping stones’ of habitat and
benefits of expanded riparian buffers. The vegetation islands will be multi-tiered and feature various sized trees,
shrubs, flowers, and grasses that have high wildlife and/or aesthetic values. The creation of vegetation islands
across City of Durham managed land will help staff promote water quality, urban ecology, and aesthetic values
while keeping open spaces for other uses.

VEGETATION ISLAND STRUCTURE
A key component of the planting design for these vegetation islands is the multi-tiered structure. This will be
accomplished by planting a variety of types of plants that will overlap and interact with each other as they grow.
Each vegetation island should feature the canopy tree(s) near the center which will provide shade for the rest of
the plants. The size of each island can be based on the planting site and will influence how many stems of each
plant type (canopy tree, small tree, shrub, etc.). The general structure outlined below should be used across all
vegetation islands established by the City of Durham. The outlined structure below provides an example of the
suggested number of stems for an approximately 150 ft.2 vegetation island. These numbers can be changed
based on the planned size of each vegetation island. Additionally, the rendering helps depict the multi-tiered
structure recommended for each vegetation island.

SAMPLE VEGETATION ISLANDS
Floodplain
•
•
•

Canopy tree: Persimmon (Diospyros virginiana)
Mid-story trees: Pawpaw (Asimina triloba), red mulberry (Morus rubra), Fringetree (Chionanthus
virginicus)
Small trees: Spicebush (Lindera benzoin), elderberry (Sambucus canadensis), flowering dogwood (Cornus
florida)
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•
•

•
•

Shrubs: Strawberry bush (Euonymus americanus), painted buckeye (Aesculus sylvatica), coralberry
(Symphoricarpos orbiculatus)
Taller grasses and flowers: Narrowleaf sunflower (Helianthus angustifolius), lanceleaf coreopsis
(Coreopsis lanceolata), blackeyed susan (Rudbeckia hirta), hollow Joe Pye weed (Eutrochium fistulosum),
and eastern gamagrass (Tripsacum dactyloides)
Smaller groundcover: River oats (Chasmanthium latifolium), and Virginia wildrye (Elymus virginicus)
deertongue (Dicanthelium clandestinum), and dwarf Dutch white clover (Trifolium repens)
Vines: maypops (Passiflora incarnata) and groundnuts (Apios spp.)

Upland
•
•
•
•
•

•
•

Canopy tree: White oak (Quercus alba)
Mid-story trees: Sourwood (Oxydendrum arboreum), sassafras (Sassafras albidum)
Small trees: Flowering dogwood (Cornus florida), redbud (Cercis canadensis)
Shrubs: Lowbush blueberry (Vaccinium pallidum), Carolina rose (Rosa Carolina), and coralberry
(Symphoricarpos orbiculatus)
Taller grasses and flowers: Purple coneflower (Echinacea purpurea), blackeyed susan (Rudbeckia hirta),
milkweed (Asclepias syriaca), rattlesnake master (Eryngium yuccifolium), wild bergamot (Monarda
fistulosa), sweet grass (Muhlenbergia capillaris), and switchgrass (Panicum virgatum).
Smaller groundcover: Indiangrass (Sorghastrum nutans), little bluestem (Schizachyrium scoparium),
Virginia wildrye (Elymus virginicus), and dwarf white clover (Trifolium repens)
Vines: maypops (Passiflora incarnata) and hog peanut (Amphoricarpaea bracteata)

PLANTING INFORMATION
Each ‘tier’ of a vegetation island will require a different strategy for planting. The recommended approach for
planting each ‘tier’ is listed below.
•
•
•
•
•
•

Canopy Tree: 3-gallon container to ball and burlap tree
Mid-story Tree: 1 to 5-gallon container stock
Small Tree: 1 to 5-gallon container stock
Shrub: Tubeling or 1 to 3-gallon container stock
Taller Grasses and Flowers: Grasses and annual flowers will establish well from seed. Herbaceous plugs
or other small container stock will work well for flowers.
Vines: Herbaceous plugs are recommended. Seed may also work but can be tricky to use due to
required seed treatments (e.g. cold moist stratification).
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SOFT MARGIN ESTABLISHMENT
OVERVIEW
Soft margin establishment refers to the expansion of buffers by promoting native grasses and pollinator friendly
flowers rather than trees and shrubs. These ‘soft margins’ would be established in areas where additional
riparian buffer would benefit water quality, wildlife habitat, and aesthetic values but woody vegetation is not
desired. Establishing these soft margins would additionally limit maintenance and chemical inputs for areas
currently comprised of turfgrass. Examples of these areas include along greenways or parking lots for City parks.

INSTRUCTIONS FOR ESTABLISHING AND MAINTAINING SOFT MARGINS
1. Existing vegetation should be killed using a foliar application of herbicide- one to two applications of a
2.5% aquatic safe glyphosate solution will effectively kill most turfgrass.
2. Once all grass and other vegetation has been eliminated, the existing thatch will need to be disturbed by
dragging a light disk over the area. The disturbance should not be deep but should expose the soil above
the thatch. This is key for promoting effective seed establishment. This step can be skipped if using a
seed drill.
3. Broadcast or drill seed in entire area using the appropriate native and temporary seed mixes.
4. Straw the area at a rate of 4,000 lbs. per acre if area is disked.
5. Limit vehicular and pedestrian traffic over the area.
6. Monitor for and reseed low density areas over time. The temporary seed will establish quickly but the
native seed will take longer- up to two years for some species.
7. Mow area once per year to limit woody plant recruitment. Mowing should occur each fall after plants
have set and dropped their seeds.
8. Monitor area for invasive plants and treat as necessary.

KEYS TO SUCCESS
•
•
•
•
•

Allow enough time for the existing vegetation to die. Disking too early could limit the effectiveness of
the herbicide.
Soil contact is key for successful seed establishment
Be patient for some of the native plants to appear. Some species require overwintering to be able to
germinate.
Early mowing will limit coverage of reseeding annual plants such as blackeyed susan.
Review this resource for tips on successful native seed establishment.
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PLANT ESTABLISHMENT GUIDE
OVERVIEW
Many factors influence the establishment of the desired riparian plant communities, yet are frequently not
considered during planting projects. This section describes these factors and ways to mitigate common
challenges to plant community establishment.

PLANT SELECTION
Improper species selection is a common reason for plant mortality. Staff should ensure that selected plant
species are suited to the specific site conditions. The wetland indicator code and description provided for each
species in the ‘Native Riparian Tree and Shrub Planting List’ will help guide plant selection.

SOILS
Soils are a key factor in native plant community establishment. Multiple factors impacting soil health and quality
are listed below with descriptions of how to alleviate some potential issues.
Soil Chemistry
Plan to perform soil tests prior to any planting project. Soil samples for testing should consist of 15-20
thoroughly mixed subsamples. Free soil testing and sample boxes are available through NC Agronomic Services.
See website for more information.
Key nutrients and other characteristics measured by soil tests:
•
•
•
•

•
•

Phosphorous- Regulates root development which is key for plant establishment
o Broadcast TN Brown Rock Phosphate or similar product at 100-200 lbs./acre
Potassium- Regulates plant vascular systems making plants more resilient to stressors
o Broadcast greensand or similar product at 50-200 lbs./acre depending on soil test result.
pH- Measure of acidity. Values should be > 5.2
o Dolomitic limestone is effective at increasing soil pH over time.
Humic Matter- A measure of organic material in the soil which is key for regulating soil processes
o Multiple granular products similar to this are easily sourced and affordable. Broadcast at 150300 lbs./acre.
Cation Exchange Capacity (CEC)- Affects soils’ abilities to hold nutrients. This value is heavily influenced
by soil type (clay, silt, sand), humic matter, and compaction
In depth information on soil test results can be found here.

Soil Compaction
Soil compaction can significantly reduce plant establishment by limiting the ability for plant roots to grow and
reducing the soils cation exchange capacity. Soil compaction is a common issue where vehicular or pedestrian
traffic has been present. City staff planning tree planting projects should plan to assess soil compaction by
simply digging a few small holes. If the soil is difficult to dig, a bulk density sample may be necessary to further
assess soil compaction. Soils with bulk density values greater than 1.3 g/cm3 should likely receive corrective
actions.
The best option to reduce soil compaction is to rip the soils to a depth of 18” using a chisel plow or similar
implement. Ripped channels in the soil should be no more than least 4’ apart and occur parallel to the stream. If
ripping soils is not an option, seeding grass and forbs that have deep robust taproots can help reduce
compaction. Options for these plants include rye grain, tillage radish, buckwheat, yarrow, red clover, sweet
clover, and chicory.
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OTHER FACTORS
Competition
Competition from other plants is a common limiting factor for plant establishment. Preventative and ongoing
management efforts are often needed to promote success of planting projects. Pasture and turfgrass species
such as tall fescue (Festuca arundinacea) can significantly inhibit new plantings through below ground
competition with their robust root system. Additionally, tall fescue secretes a chemical into the soil that impedes
growth for other plants. Any planting project occurring in an area with dense pasture or turfgrass should
incorporate plans to reduce competition by existing grasses. This can be done by performing a broadcast
herbicide application to eradicate the existing grass and then reseeding. A less intensive method to reduce
competition from grasses is ring sprays where vegetation in a two-foot radius from the planted stem is sprayed
after planting but before bud break. Ring spray treatments may need to be repeated during the second year if
competing vegetation is still present.
Planted trees and shrubs can also suffer from competition with other types of plants. While many types of plants
can compete with planted stems, blackberry and vine species are frequently problematic and should be treated
before they pose problems.
Wildlife impacts
Deer browse frequently limits the success of new planting projects since young trees and shrubs offer easy food
resources for deer herds. Planting jobs can be decimated in areas with heavy deer pressure, yet limited damage
from deer browse should be expected and will likely not affect the overall success of the establishing plant
community. There are few options to take if deer browse is a significant issue. Many commercial scent
deterrents are available and may offer temporary protection but need to be reapplied after rain and are not
typically recommended for large planting jobs. Tree tubes may offer the best protection against deer browse. Be
sure tree tubes at least 4’-5’ tall are used since deer can easily reach above shorter tubes.
Beaver can also cause significant harm to new planting projects and established plantings. A few options for
limiting impacts from beaver exist. A simple, although labor intensive, method is to install tree caging or
exclusionary fencing around individual plants or entire areas of plants. An alternative method is to paint the
bases of trees with a mixture of exterior paint and sand which deters beaver from gnawing the wood. These
methods along with a few others are detailed here. Trapping beaver from an area is also an option if impacts are
severe enough and other deterrents are not working.
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INVASIVE PLANT LIST AND DESCRIPTIONS
OVERVIEW
This tool kit is meant to act as a companion resource to the widely used 'Field Guide for the Identification of
Invasive Plants in Southern Forests' which describes a wide array of invasive plants found across the Southern
United States. The list below discusses four species that are considered to be the most problematic and/or
widespread species present on City of Durham managed land. Another list of emerging invasive plant species
that are considered severe threats in our area is also included.

PROBLEMATIC INVASIVE PLANTS IN DURHAM
Chinese privet (Ligustrum sinense)
This woody shrub readily invades both disturbed open spaces and intact wooded areas. It creates dense
thickets in the understory which sharply limit native species from establishing. Management efforts should
focus on seed producing stems since hundreds of new stems can be recruited from a single mature individual.
Alternative native species for horticultural plantings include spicebush (Lindera benzoin), painted buckeye
(Aesculus sylvatica), sweetshrub (Calycanthus floridus), and strawberry bush (Euonymus americanus).
See pages 34-35 in the field guide for photos and more information.

English ivy (Hedera helix)
This woody vine is a popular ornamental species that has escaped into natural areas and frequently occupies
large areas of groundcover and climbs into the canopies of trees. It’s dense groundcover sharply limits native
plant diversity by preventing germination of native plants. It’s ability to climb into the tree canopy also
increases trees’ surface area making them more susceptible to windthrow. Multiple treatment options are
viable for English ivy control but removal efforts will likely take multiple years for established populations.
Alternative native species for horticultural plantings include Carolina jessamine (Gelsemium sempervirens),
coral honeysuckle (Lonicera sempervirens), Virginia creeper (Parthenocissus quinquefolia), and maypops
(Passiflora incarnata).
See pages 70-71 in the field guide for photos and more information.

Japanese honeysuckle (Lonicera japonica)
This is an aggressive woody vine that forms dense thickets on the ground and can also smother shrubs and
small trees. Japanese honeysuckle’s aggressive growth limits the establishment and success of native plants.
While Japanese honeysuckle can grow in both sunny and shaded areas, its growth is much more vigorous in
full sun and treatment of those populations should be prioritized.
Alternative native species for horticultural plantings include Carolina jessamine (Gelsemium sempervirens),
coral honeysuckle (Lonicera sempervirens), Virginia creeper (Parthenocissus quinquefolia), and maypops
(Passiflora incarnata).
See pages 66-67 in the field guide for photos and more information.

Autumn olive (Elaeagnus umbellata)
Autumn olive is a woody shrub that readily invades intact and disturbed areas in North Carolina’s piedmont.
Its populations impede native plant diversity by forming dense thickets that crowd limit native species
recruitment. It also fixes atmospheric nitrogen in the form of nitrates which readily leaches into nearby
streams negatively impacting water quality. Land managers should prioritize treating seed producing plants.
Alternative native species for horticultural plantings include spicebush (Lindera benzoin), painted buckeye
(Aesculus sylvatica), sweetshrub (Calycanthus floridus), and strawberry bush (Euonymus americanus).
See pages 30-31 in the field guide for photos and more information.
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EMERGING INVASIVE PLANTS IN DURHAM
Japanese hops (Humulus japonica)
This herbaceous vine forms dense thickets along streambanks and can entirely smother trees. It disperses
readily along waterways. Land managers should be prepared to quickly identify and treat this species if found
on land managed by the City of Durham before it becomes a persistent invasive plant. This species will require
intentional integrated pest management. See this resource for more information.
This species is not frequently planted for any horticultural or agricultural uses. Native vine species that could
be planted instead include Carolina jessamine (Gelsemium sempervirens) coral honeysuckle (Lonicera
sempervirens), and maypops (Passiflora incarnata).
This is an emerging invasive plant and is not featured in the field guide. The below photos were taken from
City of Durham owned land along S Ellerbe Creek.

Japanese knotweed (Polygonum cuspidatum)
Japanese knotweed is a particularly aggressive invasive shrub that is an emerging threat in the piedmont. It
forms very dense colonies along streambanks and mesic (moist) areas and is very difficult to control once
established. Japanese knotweed spreads readily along waterways. Land managers should prioritize treatment
of any new Japanese knotweed population before it becomes widely established and spreads to new areas.
Japanese knotweed is not frequently used as an ornamental planting. Potential native alternatives include
silky willow (Salix sericea), silky dogwood (Cornus amomum), and crimsoneyed marshmallow (Hibiscus
moscheutos).
See pages 42-43 in the field guide for photos and more information.

Invasive Plant Management
Invasive plant management routinely requires a variety of techniques that include chemical, mechanical, and
manual methods. A combination of these techniques often required for complete control of an invasive plant
population. This combination is referred to as Integrated Pest Management (IPM). Key techniques are described
below along with general guidelines for effective invasive plant control. This document is meant to provide a
brief overview of invasive plant management. Land managers in Durham should refer to ‘A Management Guide
for Invasive Plants in Southern Forests’ for more in-depth information.

ADDITIONAL RESOURCES
•
•

NC Invasive Plant Council
Center for Invasive Species and Ecosystem Health
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